The electrofusion-derived rat insulin-secreting cell line BRIN-BD11 was cultured in five different commercially available media to determine the optimum medium for the in vitro maintenance of such clonal cell lines. Cells were cultured in RPMI-1640, DMEM, McCOY'S, F-12K, or MEM culture medium supplemented with 10% (v/v) fetal bovine serum and antibiotics (100 U/ml penicillin and 0.1 g/L streptomycin). Insulin secretion studies performed after 10 days revealed RPMI-1640 to be the best performing medium in terms of insulin secretory responsiveness to a range of stimuli including glucose, L-alanine, L-arginine, carbachol, and glibenclamide. Insulin release was significantly decreased (p < 0.01 to p < 0.05) in all other media compared to RPMI-1640. Only the cells cultured in RPMI-1640 and DMEM showed a significant glucose-induced insulin secretory response (p < 0.01 and p < 0.05). McCOY'S gave the next best result followed by F-12K and MEM. After the 10-day culture period, the highest insulin content was found in cells cultured in RPMI-1640 and DMEM with significantly lower levels of insulin in cells cultured in Mc-COY'S, F-12K, and MEM (p < 0.01 to p < 0.001). RPMI-1640 was used for further studies to investigate the effects of 5.6-16.7 mmol/L glucose in culture on the secretory responsiveness of BRIN-BD11 cells. Significant responses to a number of nonglucidic secretagogues were seen following culture at 5.6 and 16.7 mmol/L glucose, although responsiveness was less than after culture with 11.1 mmol/L glucose. At 16.7 mmol/L glucose culture, glucose-stimulated insulin release was abolished.
INTRODUCTION
no specific medium recommended for the maintenance of clonal pancreatic beta cells (6). Several investigations The discovery that animal cells from explants could have evaluated how the culture medium may influence be subcultured and propagated in vitro led to attempts the function of rat, mouse, bovine, porcine, or human to provide a more defined medium to sustain continuous islets maintained in short-term culture (1,4,7-9,18, 19) . cell growth (17). Complex nutrient mixtures for cell cul-These studies have not provided a clear-cut outcome, ture are almost always supplemented with serum, other and ample scope exists for further refinement of the complex biological fluids, or with a defined mixture of composition of islet culture media with the possibility hormones and growth factors. The medium provides esthat different media should be used for islets from differsential nutrients that are incorporated into dividing cells, ent species (6). The optimal conditions for the culture of such as amino acids, fatty acids, sugars, trace elements, the growing number of different clonal insulin-secreting vitamins, co-factors, and other molecules necessary to cell lines as opposed to islets are also largely unknown. maintain the proper chemical environment for the cell.
In this study we assessed the insulin secretory func-The choice of the optimal medium in which cells are tion of BRIN-BD11 cells following a 10-day culture pegrown or maintained can lead to increased protein secreriod using five different commercially available media tion, enhanced viability, phenotypic stability and better including RPMI-1640, McCOY'S, F-12K, DMEM, and control of differentiation (16).
MEM. This is one of a new generation of electrofusion-Despite the high value of insulin-secreting cell lines derived rat insulin-secreting cell lines that show glucose (22) (23) (24) and the considerable effort devoted to optimizresponsiveness and stability in tissue culture (21) (22) (23) .
Because the glucose concentration in each medium var-ing culture conditions for other cell types (20) , there is 154 HAMID ET AL.
ied quite considerably and other investigations suggest were subsequently utilized for measurement of insulin secretion and cellular insulin content. that glycemic environment affects secretory responsiveness (3,14,27), these studies were expanded to include Evaluation of Insulin Secretion and Cellular comparison of cells cultured in RPMI-1640 supple-Insulin Content mented with 5.6, 11.1, or 16.7 mmol/L glucose.
After 10 days of culture in the different culture me-MATERIALS AND METHODS dia, acute incubations of BRIN-BD11 cells were per-Chemicals formed at 37°C. Prior to experimentation, the cells were harvested and then resuspended in the tissue culture me-Sigma Chemical Company Ltd. (Poole, Dorset, UK) dium being tested. Approximately 2.5 × 10 5 cells were provided F12 Ham Kaighn's modification medium (Fthen seeded in each well of 24-well multiplates (Iwaki 12K), L-alanine, L-arginine, bovine insulin, carbachol Glass, Japan). After culture at 37°C and attachment of (carbamylcholine chloride), charcoal (activated/untreated), cells overnight, the culture medium was removed and 1 dextran T-70, glibenclamide, D-glucose, and N-2-hydro- incubated overnight at 4°C prior to storage of superna-U/ml penicillin and 0.1 g/L streptomycin). The productants at −20°C for insulin assay. tion, characterization, and basic methods used to culture BRIN-BD11 cells are described in detail elsewhere (21-Analyses 23). BRIN-BD11 cells were maintained under culture Insulin was measured by dextran-charcoal radioimconditions [37°C, (LEEC incubator, Laboratory Technimunoassay (13) using guinea pig anti-porcine insulin ancal Engineering, Nottingham), 5% CO 2 and 95% air] for tibody, 125 I-labeled bovine insulin, and crystalline rat ina 10-day period before the cells were used for insulin sulin standard (Novo Industria, Copenhagen, Denmark). secretion studies. Cells were maintained in 20 ml of cul-Results are presented as means ± SEM. Groups of data ture medium in 75-cm 2 sterile vented tissue culture were compared using Student's t-test. Differences were flasks (Iwaki Glass, Japan). They were gently washed in considered significant if p < 0.05. 10 ml HBSS prior to detachment from the culture flasks by incubation at 37°C with 3 ml of 0.25% (w/v) trypsin/ RESULTS EDTA. Detachment of cells was monitored using a in-Functional Studies of Insulin-Secreting Cells Cultured verted microscope (Zeiss, Germany). Detached cells in Different Commercially Available Culture Media were resuspended in culture medium, transferred to a polypropylene Sterilin tube (Sterilin Ltd, Hounslow, Figure 1 shows the insulin secretory responses of BRIN-BD11 cells to various stimulators following 10-UK), and collected after 5-min centrifugation at 900 rpm, using a bench centrifuge (MSE Mistral 200, UK). day culture in five types of culture medium. Agents tested include L-alanine (10 mmol/L), L-arginine (10 The supernatant was discarded and the cells were resuspended in culture medium. Aliquots of the single cell mmol/L), the cholinergic agent carbachol (100 µmol/L), and the sulphonylurea glibenclamide (100 µmol/L). suspension (100 µl) were then stained with trypan blue (1:2 dilution) and counted using a Neubauer hemocy-Each medium was able to maintain the effectiveness of the various stimulators tested, although there were dif-tometer (Scientific Supplies Co., England). The cells ferences in both the magnitude and pattern of respon-response (p < 0.01 and p < 0.05, respectively) at 16.7 mmol/L glucose. The cellular insulin content of BRIN-siveness. Certain media performed consistently better than others. Thus, it can be seen from Figure 1 that BD11 cells grown in different media is also shown in Table 2 . The highest insulin content was found in cells RPMI-1640 was the best performing medium in terms of insulin production and highest insulin secretory re-cultured in RPMI-1640 with significantly lower values being revealed in McCOY's, F-12K, and MEM. sponse. This is well illustrated by Table 1 , which shows the secretory responses as a percentage of insulin release Insulin Secretory Responses of Cells Cultured at from cells cultured in RPMI-1640. Insulin release was Different Glucose Concentrations significantly decreased (p < 0.05 to p < 0.001) in all other media compared to RPMI-1640. Using these criteria, As shown in Table 2 , the glucose concentrations of the five media varied from 5.6 to 16.7 mmol/L. RPMI-RPMI-1640 was the best medium followed by DMEM, McCOY'S, F-12K, and finally MEM.
1640 was selected as the basic medium to investigate the effects of glucose concentration in culture. Figure 2 The insulin secretory responsiveness of BRIN-BD11 cells to glucose after culture in the various media is shows insulin secretory response to secretagogues after culture for 10 days in medium containing 5.6, 11.1, or shown in Table 2 . Only cells cultured in RPMI-1640 and DMEM exhibited a significant insulin secretory 16.7 mmol/L glucose. There were no major differences in the response to stimulators including L-alanine, L-ar-This study has employed the glucose-responsive BRINginine, carbachol, and glibenclamide. The cells were BD11 cell line, produced by immortalization of rat panable to maintain responsiveness at significant levels (p creatic beta cells by electrofusion (21), to evaluate the < 0.05 to p < 0.001) even though there was a significant optimum culture conditions for the maintenance of gludecrease (p < 0.05) in insulin secretory responsiveness cose responsiveness and secretory function in tissue culof cells grown at 5.6 and 16.7 mmol/L when compared ture. with 11.1 mmol/L glucose. As shown in Table 3 , there
The BRIN-BD11 cell line has been shown previously was no significant insulin secretory response to glucose to exhibit good secretory responsiveness to glucose, by cells cultured in 16.7 mmol/L glucose. Insulin amino acids, neurotransmitters, peptide hormones, and content of cells was not appreciably changed by differdrugs (21) (22) (23) . In the present study, BRIN-BD11 cells ent concentrations of glucose in the culture medium (Tamaintained in tissue culture for up to 10 days in five ble 3).
commercially available media, including RPMI-1640, DMEM, MCCOY'S, F-12K and MEM, displayed good DISCUSSION viability and growth characteristics. Irrespective of the Recent years have witnessed considerable strides toculture medium employed, BRIN-BD11 cells exhibited wards the creation of stable insulin-secreting cell lines significant insulin secretory responses to L-alanine, Lfor studies of beta cell function and potential transplanarginine, carbachol, and glibenclamide, which act through tation for gene therapy of diabetes (11, (22) (23) (24) . The indiverse pancreatic beta cell stimulus-secretion coupling creasing use and development of engineered glucose-repathways (15). However, cells cultured in RPMI-1640 sponsive clonal cell lines also offers the potential to gave the greatest increments in insulin release in recircumvent several of the key problems facing islet sponse to these agents when compared with cells maintransplantation (25) by allowing, for example, bulk gentained in the other culture media. Furthermore, when the eration, cryopreservation, encapsulation, and insertion of genes by transfection to afford immunoprotection (2,5). effects of culture conditions on glucose responsiveness of BRIN-BD11 cells was tested, only cells cultured in cytosolic NADH/NAD + ratio (26) . Despite the present results, RPMI-1640 has not been universally claimed as RPMI-1640 or DMEM medium gave a significant insulin responses. These two media also proved to be best the optimum culture medium for all types of insulinsecreting cells, and there are divergent results with many in supporting cellular insulin content.
From these data, it is apparent RPMI-1640 is the op-of the media tested (6). Studies performed on human or bovine islets seem to prefer CMRL (4,18), studies on timum medium to support the glucose responsiveness and insulin secretory function of the clonal BRIN-BD11 porcine islets favor Hams F12 or TCM199 (8,9,18), whereas Hams F10, MEM, or RPMI-1640 have been cell line. This medium has previously been shown to provide a good environment for culture of mouse islets recommended for rat and mouse islets (1,18,19 ). The reasons for these differences are not clear, and further (1). This earlier study attributed part of this advantage to its greater content of nicotinamide, but more recent studies are warranted to evaluate the effects of culture media on expression of genes involved in insulin bio-studies question this view by demonstrating less desirable effects of higher concentrations of nicotinamide on synthesis and elements of the beta cell glucose sensor, 
